Propofol (2,6-diisopropylphenol), a novel sedative and anesthetic agent, is recognized to have potent antioxidant activity. The characteristics of the hindered phenolic structure of propofol, which are similar to those of the tocopherols, butylated hydroxytoluene (BHT), and butylated hydroxyanisole (BHA), might account for the antioxidant activity. 11, 12) Propofol can reduce ischemia-reperfusion injury after the onset of ischemia. 13) In recent research, sulfite from the metabisulfite additive in propofol emulsion was shown to create oxidative environments when the emulsion is exposed to air during a simulated intravenous infusion. This oxidation results in propofol dimerization and propofol dimer quinone formation. 14) Their antioxidant activities, however, are still unknown.
In this study, we examined the inhibitory effects of propofol and its related compounds, the dimeric compounds of propofol, 2,6-dimethylphenol and 2,6-di-t-butylphenol, on lipid peroxidation.
Experimental
Chemicals 2,6-Di-t-butylphenol, 2,6-dimethylphenol, and 2,6-diisopropylphenol (propofol) were purchased from Sigma-Aldrich Japan K.K. (Tokyo, Japan). BHA was purchased from Tokyo Kasei Kogyo Co. (Tokyo, Japan). Egg phoshatidylcholine (PC) was isolated from egg yolk by the previously reported method.
15) a-Tocopherol was purchased from E. Merck (Darmstadt, Germany). Thiobarbituric acid (TBA), L-ascorbic acid, and FeSO 4 were purchased from Tokyo Kasei Kogyo Co., Daichi Kagaku Yakuhin Co., and Kanto Chemical Co. Inc. (all Tokyo, Japan), respectively. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) and ethylenediaminetetraacetic acid disodium salt were purchased from Wako Pure Chemical Co. (Osaka, Japan). CHCl 3 , EtOH, pyridine, and BuOH were purchased from Yoneyama Yakuhin Kogyo Co. (Osaka, Japan). Hydroperoxide was purchased from Mistubishi Gas Kagaku Co. (Tokyo, Japan). Fe
2؉
-and Ascorbic Acid-Induced Oxidation of Egg PC and Assessment of Antioxidant Activity Lipid peroxidation was assayed based on thiobarbituric acid-reactive substance (TBARS) formation. 16) Mixtures of a solution of egg PC in chloroform (200 ml; 10 mg/ml) and each sample (100 ml) were evaporated to dryness under nitrogen gas. Control and reference substrates with a-tocopherol 20 mM were also tested for comparison. Lipid peroxidation was initiated by the addition of FeSO 4 0.2 mM and ascorbic acid 2 mM. After incubation at 37°C for 30 min, the reaction was terminated by the addition of EDTA 5 mM. The oxidation mixture was then mixed with 3 ml of phosphoric acid and 1 ml of aqueous 0.7% TBA solution and heated at 98°C for 45 min. The mixture was extracted with 4 ml of n-butanol and the absorbance was measured at 535 nm with a Hitachi 220A spectrophotometer (Hitachi Seisakusho Co. Ltd., Japan). Antioxidant activity was calculated as follows:
where A represents absorbance.
Synthesis of Dipropofol Propofol (1 g) was dissolved in CH 2 Cl 2 and mixed with CuCl(OH) · TMEDA (16 mg) and allowed to stand at room temperature for 5 h. The reaction product was extracted with AcOEt and evaporated. The reactant was dissolved in ethanol, Na 2 S 2 O 4 (1 g) was added, and the mixture was heated for 20 min. The precipitate was separated, collected in a filter, and crystallized from hexane to give dipropofol (950 mg, 95% This study was carried out to investigate the antioxidant activity of propofol (2,6-diisopropylphenol) and its related compounds, butylated hydroxyanisole (BHA), 2,6-dimethylphenol, 2,6-di-t-butylphenol, and their dimeric compounds. The degree of antioxidant activity was evaluated based on the degree of peroxidation induced with Fe-ascorbic acid in egg phosphatidylcholine through the determination of thiobarbituric acid-reactive substances (TBARS) formed during peroxidation. Their antioxidant activities were in the order of dipropofolϾdi(2,6-di-tbutylphenol)ϾdiBHAϾdi(2,6-dimethylphenol). Dipropofol, a dimeric compound of propofol, showed the highest antioxidant activities. Dimeric compounds had higher activities than monomeric compounds, and the 1,1-diphenyl-p-picryhydrazyl-trapping ability of dimeric compounds was also greater than those of monomeric compounds (4-10-fold). These results suggest that dimeric phenols may increase their antioxidant activities along with increments in the conjugation system and play a inhibitory role in the propagation of free radical chain reactions. Synthesis of Di(2,6-di-t-butylphenol) 2,6-Di-t-butylphenol (500 mg) was dissolved in CH 2 Cl 2 and mixed with CuCl (OH) · TMEDA (16 mg) and allowed to stand at room temperature for 2 h. The reaction product was extracted with AcOEt and evaporated. The reactant was dissolved in ethanol, Na 2 S 2 O 4 (2 g) was added, and the mixture was heated for 2 h. The precipitate was separated, collected in a filter, and crystallized from hexane to give di(2,6-di-t-butylphenol) (481 mg, 96% 
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18)
Synthesis of Di(2,6-dimethylphenol) 2,6-Dimethylphenol (500 mg) was dissolved in CH 2 Cl 2 and mixed with CuCl (OH) · TMEDA (16 mg) and allowed to stand at room temperature for 5 h. The reaction product was extracted with AcOEt and evaporated. The reactant was dissolved in ethanol, Na 2 S 2 O 4 (2 g) was added, and the mixture was heated for 2 h. The precipitate was separated, collected in a filter, and crystallized from hexane to give di(2,6-dimethylphenol) (462 mg, 93% Trapping Effect of DPPH in Electron Spin Resonance DPPH (2 mM) was dissolved in ethyl alcohol. DPPH spin adducts were measured after exactly 60 s. Electron spin resonance (ESR) spectra were recorded on a JEOL-JES-RE1X spectrometer (JEOL Co. Ltd., Tokyo, Japan). The ESR conditions were: power, 0.1 mW; magnetic field, 336.1 mT; modulation amplitude, 0.079 mT; response time, 0.1 s; receive gain, ϫ500; sweep time, 0.5 min; and sweep width, Ϯ5 mT.
19)

Results and Discussion
One method of evaluating the antioxidant activity of a compound is to assess its free-radical inhibitory activity. An antioxidant should react with free radicals such as the hydroperoxy radical generated from lipid peroxidation and to terminate the propagation of chain reactions. Structures of phenolic compounds are shown in Fig. 1 . As shown in Fig. 2 and Table 1, Fe   2ϩ -ascorbic acid-induced lipid peroxidation was inhibited significantly in a dose-dependent manner by these compounds. Antioxidant potency decreased in the order: dipropofolϾdi(2,6-di-t-butylphenol)ϾdiBHAϾdi(2,6-dimethylphenol)ϾpropofolϾ2,6-di-t-butylphenolϾBHAϾ 2,6-dimethylphenol. The inhibitory effect of dimerized compounds on lipid peroxidation is greater than that of monomeric compounds.
The DPPH radical, which is very stable, has been employed to determine the free radical-inhibitory effect of some antioxidants. The DPPH radical receives a proton from the antioxidant and becomes a protonated DPPH species. Using this reagent, the free radical-scavenging ability of the antioxidant may be measured using ESR spin-trapping methods. As shown in Table 1 , dimeric compounds show strong DPPH radical-scavenging abilities compared with monomeric compounds. The DPPH radical-scavenging ability of monomeric compounds is in the order of propofolϾ2,6-di-t-butylphenolϾ2,6-dimethylphenol, and for the dimeric com- Fig. 3 ). Interestingly, the order of potency was similar to that of the inhibition of TBARS formation.
To understand the antioxidant mechanism of these phenolic compounds, we analyzed in vitro lipid peroxidation using ESR spectrometry to determine whether they scavenged active oxygen species directly or whether they acted as free radical chain-breaking antioxidants, such as a-tocopherol. Relative signal intensities of both the spin adduct DMPO-OOH, which is produced by O 2 · Ϫ generated from HX-XO systems, and the spin adduct DMPO-OH, produced by hydroxyl radicals through the Fenton reaction, decreased upon the addition of phenolic compounds with antioxidant activity. However, these compounds no decrease in the signal was observed under the experimental conditions used (data not shown).
Several authors have shown that ortho substitution with electron donor alkyl or methoxy groups increases antioxidative action. [19] [20] [21] [22] Our results also show that ortho substitution with phenolic compounds increased their antioxidative action. The effect of ortho substitution with phenol on activity were in the order; isopropylϾt-butylϾmethyl (Figs. 2, 3 , Table 1 ).
Drug additives are usually considered inactive formulation components; however, there is evidence that sulfite is responsible for promoting the oxidation of propofol and lipids in emulsions. For example, when propofol emulsions containing metabisulfite (sulfite propofol emulsion) are exposed to air, a propofol dimerized product appears. The antioxidant activity of propofol has previously been demonstrated, but no to the best of our knowledge study has focused on propofol metabolites although propofol undergoes extensive metabolism.
This study was carried out to investigate the antioxidant activity of propofol and its related compounds. Dipropofol exhibited greater antioxidant activity than the other compounds. Our findings suggest that dipropofol may increase its antioxidant effects along with increments in the conjugation system and may increase its inhibitory role in the propagation of free radical chain reactions. Detailed studies on biologic activities are now under way. 
